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Abstract 
In this paper, a simulation model of a MEMS gyroscope is presented. The model enables mode matching and 
analysis of the dynamic behavior of a gyroscope. Furthermore, the model allows the optimization the design 
parameters of the gyroscope. The simulated gyroscope operates at a frequency of 52MHz with amplitudes of 10nm 
and quality factor of 50,000. Finally, the drive mode measurements are presented at different bias voltages.  
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1. Introduction 
MEMS gyroscopes have a wide application spectrum in the automotive and consumer electronics markets. This 
is due to their reduced costs, size and integration capability. This work is aimed at improving the noise floor (Ωz) in 
resonating gyros by increasing the resonant frequency. This will keep the signal to noise ratio high over the desired 
bandwidth without increasing the drive amplitude and mass of the device. The mechanical Brownian noise (Ωz) of a 
vibratory gyro is defined as[1] :- 
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where where qdrive is the drive amplitude; ωo, M, and QEffect-Sense  are the natural frequency, mass and effective quality 
factor at the sense mode, respectively; kB  is the Boltzmann constant and T is the absolute temperature. 
The proposed design has a mechanical resonance of about 52MHz and was fabricated from 1.5um thick SOI 
wafer. In comparison to the state of the art [2], the proposed gyroscope has a higher mechanical resonance and lower 
mass. The low mass device saves chip area and the high operating frequency improves SNR.  
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 2. Drive and Sense Mode Simulations 
In this work, the structure of the gyroscope is a square plate resonator (Fig. 3). The square plate vibrates in-plane in 
a bulk mode known as Lamé-mode [3]. Two opposite electrodes are used for excitation and one to sense the 
resonator motion. The four anchors in the corner are fixed on the yellow borders. The anchors support the plate and 
keep it above the substrate. Furthermore, the square plate contained a 7x7 array of etch holes (e), which are placed at 
a pitch of 9µm apart. The etch holes were approximated to be squares with side of 0.5µm. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Eigen frequency simulations for the electrostatically actuated square plate were carried out in COMSOL 
Multiphysics. A simulation model for a 52MHz was developed and optimised for high Q factor of 50,000. In order 
to match the Lamé-mode and shear-mode of the gyroscope, the width of the anchors of the square plate were varied 
by using a COMSOL script to match the two resonance frequencies (Fig 3). The modes were matched at a frequency 
of 52.165MHz with L=63µm, g=200nm, s2=2µm, b2=25µm, s1=4.74µm and b1=10µm. 
 
            
 
 
The matching of drive and sense mode resonance frequencies greatly enhances the sense-mode mechanical 
response to angular rate input. It amplifies the Coriolis force and reduces the response time of the gyroscope. Under 
high Q factor conditions the gain is high, however the bandwidth is narrow. This makes mode-matching very 
sensitive to fabrication imperfections, damping factor and structural effects among others. The variations in system 
parameters cause a shift in resonance frequency, hence frequency mismatch. A manufacturing spread of  ± 10nm 
would require a frequency control over a range of 10 kHz. This corresponds to a tuning range of about 30V bias on 
the electrodes. 
 
Fig. 1. Drive mode of the Gyroscope ~   
Lamé-mode at 52.401 MHz 
 Fig. 2. Sense mode of the Gyroscope ~  
             Shear-Mode  at 59.638 MHz 
Fig. 3. Schematic diagram of a square plate resonator.  
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3. Measurements 
S-parameter measurements were performed to characterise the drive mode of the gyroscope. An electrical 
model was developed from the measurements. Furthermore, the measurements were fitted with the electrical model 
for verification. The S-parameter measurements were done at different drive voltages as seen in Fig 5. The 
measurements in Fig. 5 show a 9 kHz shift in resonance frequency for 30V shift in electrode voltage. Hence, the 
tuning factor of the drive mode is 9kHz/30V = 300Hz/V. That means 9 kHz/52Mhz/30V = 6ppm/V. 
                 
 
This tuning factor is enough for perfect frequency matching of drive and sense mode. The Q-factor of the drive 
mode was found to be 50,000. Hence, the time resolution (Q/fo) of  the gyroscope is about 1ms. 
4. MEMS Gyroscope Simulations 
The dynamic behaviour of the gyroscope, under mode-matched conditions was simulated using a COMSOL 
Multiphysics script. The square plate was excited at a drive frequency of 52.165MHz. The Coriolis force was 
incorporated on the gyroscope. The sensitivity plot of the MEMS gyroscope (Fig 4) was obtained from the 
frequency response analysis. The plot shows the frequency splitting between the sense and drive mode at different 
Fig. 4. Mode matching plot obtained from the eigen-frequency 
simulations (red is Shear -mode and blue is Lamé-mode) 
 
Fig. 5. S-parameter measurements of the drive mode  
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 angular rotations. The splitting of the matched modes is proportional to the Coriolis force; hence the angular rotation 
can be deduced from the magnitude of the splitting. The equations of motion implemented in COMSOL to simulate 
the gyroscope are: 
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where k = spring constant, m = mass of the body, c = damping coefficient, C = capacitance between electrodes 
and the device, ( ) j tdc acV t V V e
ω= + = actuation voltage.  
   
 
5. Conclusion 
The presented Comsol simulation model includes the coriolis force and enables the matching of the drive and sense 
mode of a gyroscope by design. In addition,  it can simulate the dynamic behaviour of a gyroscope at different 
angular rotations. The drive mode has been characterised by S-parameter measurements. The high frequency Lamé-
mode resonator has a small time resolution (Q/fo) and enables the DC-bias mode modeling.  
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 Fig. 4. The simulated angular rate response of the  gyroscope at 52.165MHz 
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